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Referat:  
Die vorliegende Studie beschäftigt sich mit den saisonalen Einflüssen auf 
Blutdruckmessungen von 6714 Kindern und Jugendlichen, mit besonderer 
Berücksichtigung der Außentemperatur. Ebenso wurde das Trackingverhalten 
dieser Blutdruckmessungen untersucht. Dabei wurde ein mittlerer Unterschied 
von 4,45/2,42 mmHg des systolischen / diastolischen Blutdruckes zwischen 
Sommer und Winter festgestellt. Die Winterwerte waren generell höher. 
Zwischen dem systolischen Blutdruck und der Außentemperatur wurde ein 
Korrelationskoeffizient von -0,073 ermittelt. Die Funktion wies jedoch einen 
sigmoidalen und keinen linearen Zusammenhang auf. Zwischen 0 und 10 °C 
zeigte die Außentemperatur keinen Einfluss auf den Blutdruck. Für jeden °C 
Außentemperatur fiel der Blutdruck um 0,12 mmHg.  
In der retrospektiven Beobachtung der 568 Kinder und Jugendlichen über zwei, 
vier und sechs Jahren wurde ein moderates, mit den Jahren deutlich 
abnehmendes Tracking- Phänomen entdeckt. Nach sechs Jahren 
Beobachtungszeit wiesen nur noch 35,6% der Kinder und Jugendlichen mit 
erhöhten Blutdruckwerten weiterhin erhöhte Werte auf. Anderseits behielten 
80,4% der Kinder und Jugendlichen mit normalen Blutdruckwerten ihre 
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normalen Werte nach 6 Jahren. Kinder mit einem erhöhten Blutdruck wiesen 
ein schwächeres Tracking auf als Kinder mit normalen Werten. Kinder mit 
höherem Körpergewicht neigten stärker dazu, zwischen den Perzentilen 
anzusteigen. 
Es wird empfohlen sich nicht auf einmalige Messungen zu verlassen, sondern 
erhöhte Einzelblutdrücke bei Kindern und Jugendlichen in weiteren Visiten zu 
kontrollieren und gegebenenfalls zu therapieren, um zukünftige 
Komplikationen zu vermeiden.  
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1 Seitenzahl insgesamt  
2 Zahl der im Literaturverzeichnis ausgewiesenen Literaturangaben, ohne die Literaturangaben in den Publikationsmanuskripten 
i I. Abkürzungen 
 
i 
 
I. Abkürzungen 
 
 
BMI: body mass index 
BP: blood pressure 
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1. Einführung     
1.1. Bedeutung von Blutdruckmessungen im Allgemeinen 
Blutdruck ist ein oft besprochenes, aber bisher noch nicht völlig verstandenes 
Phänomen des menschlichen Körpers. Das Blut fließt vom Herzen ausgehend 
über die großen und kleinen Arterien zu fast allen Organen des Menschen, 
versorgt sie mit Sauerstoff und lebenswichtigen Nährstoffen. Weiterhin dient 
das Blut als Kühlmedium, Pufferlösung und Transportsystem des 
Immunsystems. Dabei muss das Leben erhaltende Blut mit dem nötigen Druck 
durch die teilweise muskulösen, aber sonst weichen, leicht kollabierenden 
Gewebsröhren gepresst werden. Besonders das Gehirn und die Niere brauchen 
ein Blutdruck-Minimum um ihre Funktion aufrechterhalten zu können. In den 
Anfängen der modernen Medizin wurde das Gefäßsystem als starres festes 
Röhrensystem verstanden und versucht Drücke und Fließgeschwindigkeiten zu 
berechnen. Seitdem entdeckt die Forschung zahlreiche neue Eigenschaften und 
Einflussfaktoren, die das Phänomen des Blutdruckes besser beschreiben sollen.  
Im Laufe des Lebens eines Menschen steigt der systolische Blutdruckwert 
kontinuierlich an. Der Schaden am Gefäß ist in erster Linie von diesem Wert und 
der Blutdruckamplitude abhängig [1]. Der diastolische Wert des Blutdruckes 
steigt nur in etwa bis zum 50. Lebensjahr an und sinkt danach langsam wieder 
ab. Der Blutdruck selber entsteht aus der Auswurfleistung des Herzens, sowie 
auch aus der Reflexion der Pulswelle an peripheren Reflexzonen mit größeren 
Kalibersprüngen im Gefäßsystem [1]. Durch die Versteifung der Aorta im Laufe 
des Alterungsprozesses nimmt auch die Windkesselfunktion ab und es kommt 
zu einer beschleunigten Reflexion der Pulswelle und dadurch zu einem Anstieg 
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des systolischen Blutdruckwertes und zu einem Abfall des diastolischen 
Blutdruckwertes. Die Blutdruckamplitude nimmt somit weiter zu. 
In der medizinischen Praxis ist der Bluthochdruck als einer der wichtigsten 
Risikofaktoren für kardiovaskuläre Erkrankungen erkannt worden [2-4]. Neben 
der mechanischen Belastung der Gefäßstrukturen sind auch weitere 
Schadenskomponenten entdeckt worden, wie zum Beispiel der Botenstoff VEGF. 
In einer aktuellen Studie zeigte sich, dass es durch die blutdruckassoziierte 
Freisetzung von VEGF zum Beispiel zu einer Progression kardiovaskulärer 
Komplikationen bei Patienten mit Diabetes mellitus Typ 1 kommt [5]. Diese 
Gefäßschäden, oft in Form von Endothelläsionen, sind ein Wegbereiter für 
Gefäßstörungen, Arteriosklerose und die damit assoziierten Erkrankungen.  
Die Blutdruckmessung stellt hierbei eine einfach durchzuführende, 
kostensparende und schnelle Form der Prävention dar [6]. Sie ist schnell und 
flexibel einsetzbar und gibt, falls richtig angewendet (siehe unten), eine 
verlässliche Aussage über die Blutdruckverhältnisse im Körper. 
 
 
1.2. Bedeutung und Durchführung von Blutdruckmessungen 
bei Kindern und Jugendlichen 
Kardiovaskuläre Erkrankungen sind bei Kindern und Jugendlichen zum Glück 
sehr selten. Im Vergleich zu der Prävalenz des Bluthochdruckes bei 
Erwachsenen ist die Prävalenz bei Kindern auch deutlich niedriger. Es wird 
allgemein angenommen, dass die Zahl der an Bluthochdruck erkrankten Kinder 
im deutschsprachigen Raum zwischen einem und drei Prozent liegt. Bei 
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Jugendlichen wird dieser Wert höher geschätzt [7]. Im Schweizer Kanton Waadt 
betrug nach mehrmaligen Messungen die Prävalenz des Bluthochdruckes bei 
Kindern etwa zwei Prozent [8].  
Dennoch fiel in Autopsien an gefallenen US-Soldaten während des Korea-
Krieges auf, dass bereits junge Menschen an Frühstadien der Arteriosklerose 
erkrankt waren [9]. Somit können auch bereits junge Patienten Zeichen 
kardiovaskulärer Erkrankungen zeigen, die mit einer Gefäßschädigung durch 
erhöhten intravasalen Druck assoziiert sind.  
Studien an übergewichtigen und nicht übergewichtigen Kindern zeigten, dass 
übergewichtige Kinder mit Bluthochdruck ihr Risiko an kardiovaskulären 
Erkrankungen zu leiden nicht abbauen können, wenn sie als Erwachsene an 
Gewicht verlieren [10,11]. Bluthochdruck und Adipositas sind ein ernst zu 
nehmender Risikofaktor für die zukünftige Gesundheit der Kinder. Einmal 
zugeführte Schäden sind oft nicht reversibel. Deshalb ist es von entscheidender 
Bedeutung auf den Blutdruck der Kinder zu achten, Veränderungen frühzeitig 
zu erkennen und zu behandeln. 
Die Blutdruckmessung an Kindern ist leider im Vergleich zu der 
Blutdruckmessung an Erwachsenen um einiges schwieriger durchzuführen. 
Problemfelder sind die niedrige Compliance besonders sehr junger Patienten, 
auch sind durch die besonderen konstitutionellen Gegebenheiten besondere 
Anforderungen an die Messgeräte gestellt [6]. Eine unsachgemäße Messung 
ergibt oft falsche und mehrheitlich zu hohe Werte [8]. 
Eine sachgemäße Blutdruckmessung am Kind ist wie folgt durchzuführen: Es ist 
zuerst auf eine ruhige, entspannte Atmosphäre zu achten. Des Weiteren sollte 
die Messung mit einem an die Körpergröße des Kindes angepasstem Messgerät 
durchgeführt werden. Bei Säuglingen und Kleinkindern ist es ratsam auf ein 
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validiertes oszillometrisches Verfahren zurückzugreifen, um eine zuverlässige 
Messung zu erhalten [12]. Es ist wichtig, dass die Manschette gut am Oberarm 
anliegt und dabei das Stethoskop in der Ellenbeuge nicht berührt. Als Richtwert 
sollte die Manschettenbreite in etwa 40% des Oberarmumfangs am Mittelpunkt 
zwischen Schulter- und Ellenbogengelenk ausmachen [8]. 
 
 
1.3. Tracking 
Die Kindheit ist geprägt durch ständiges Wachsen, Lernen und Verändern. 
Anhand von Vergleichswerten und Perzentilen kann man das Wachstum und 
Zunehmen der Kinder über die Jahre verfolgen und vergleichen. Die Vielfalt der 
gemessenen Werte verteilt sich dabei nach dem Prinzip der Gauß-Kurve. 
Übertragen auf die Perzentilen ist das Maximum der Kurve im Idealfall auch die 
50% Perzentile. Etwa 50% der Kinder sind größer oder schwerer und 50 % 
kleiner oder leichter. Dabei zeigt sich das Phänomen, dass sich die meisten 
Kinder entlang bestimmter Perzentilen entwickeln. 
Dieses Phänomen wird als „Tracking -Phänomen“ bezeichnet. Darunter versteht 
man, auf den Blutdruckwert übertragen, die Stabilität des individuellen 
Blutdruckniveaus innerhalb der altersspezifischen Verteilung [13]. Anhand des 
Trackings lassen sich Aussagen über die Qualität der Entwicklung im Vergleich 
zu anderen Kindern und Jugendlichen machen. Ebenso ist eine Klassifizierung in 
normale Werte und pathologische Werte möglich. Das Tracking lässt auch 
vermuten, dass eine Programmierung des Blutdruckes bereits im Kindesalter 
stattfindet könnte und entscheidend das Risiko des Erwachsenen einen 
Bluthochdruck zu entwickeln mit beeinflusst. Dies ist jedoch stark von der 
Qualität und dem Ausmaß des Tracking abhängig. Da der Blutdruck eine sehr 
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schwankende und leicht beeinflussbare Größe ist, liegt auch die Annahme nahe, 
dass das Tracking des Blutdruckes auch deutlich geringer ausfällt, als 
beispielsweise das Tracking der Körperwachstumswerte. Studien berechneten 
zum Beispiel für das Tracking der Körpergröße Korrelationskoeffizienten 
zwischen 0,7 und 0,8 [14]. 
Die Theorie des „Tracking“ erfährt unter anderem Unterstützung durch eine 
Studie über die „Blutdruckentwicklung bei Kindern und Jugendlichen“ [15], in 
der fast alle hypertonen Erwachsenen aus der Gruppe kamen, die als Kinder 
bereits mit Grenzwert- oder milder Hypertonie auffielen. Entgegengesetzt dazu 
blieben die meisten normotensiven Kinder bis zum Abschluss des Kindesalters 
normoton. Meta-Analysen, die Blutdruckmessungen von Kindern und 
Erwachsenen untersuchten, fanden ein moderates Tracking dieser Werte, selbst 
im Kindesalter [16, 17]. Es scheint sogar schon bei der Geburt eine familiäre 
Aggregation des Blutdruckes zu geben [18]. 
Besteht nun das oben erwähnte „Tracking“- Phänomen, so könnte man 
frühzeitig an jungen Patienten im Kindesalter eine Risikoidentifizierung 
durchführen, bevor es zu einer signifikanten Ausbildung einer Atherosklerose 
kommt [9]. 
 
 
1.4. Innere und äußere Einflussfaktoren des Blutdrucks 
Ein weiteres Problem der Blutdruckmessungen bei Kindern und Jugendlichen 
ist, dass es schwer fällt, allgemeine und klare Definitionen darüber zu verfassen, 
was nun genau einen abnormalen Blutdruck ausmacht [6]. Der physiologische 
Blutdruckbereich und somit die Norm (2SD) verändert sich zum Beispiel bei 
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Kindern mit dem Körperwachstum [8]. Weitere wichtige Faktoren wie Alter und 
Geschlecht [19] haben einen direkten Einfluss auf die zu messenden Werte und 
haben auch Einfluss auf die Normwertbestimmung genommen. 
Jüngste Studien konnten auch andere pathologische Einflussfaktoren belegen. 
Seit längeren ist zum Beispiel die Tatsache bekannt, dass vermehrtes Körperfett 
und somit auch der BMI [20] eine Rolle spielen. Wobei hier zu beachten ist, dass 
adipösen Kindern keine höherer Spielraum bei den Blutdruckwertgrenzen 
zugesprochen werden dürfen, da sie besonders anfällig für Gefäßerkrankungen 
sind und sogar das Risiko gegenüber normalgewichtigen Kindern höher ist. 
Zweitrangig in der Risikoeinschätzung ist auch der Bildungsstatus zu beachten 
[21]. Zusätzliche Studien über der Auswirkung sozialer Deprivation [22] und 
den Einfluss der Ernährung der Mutter während der Schwangerschaft [23] 
scheinen in dem Zusammenhang interessant zu sein. 
Zu den Definitionen des abnormalen Blutdruckes: Die WHO [24] sowie die 
„National High Blood Pressure Education Program Working Group on High 
Blood Pressure in Children and Adolescents“ [12] haben Leitlinien sowie auch 
Grenzwerte für die Behandlung einer arteriellen Hypertonie herausgegeben. 
Dass dieser Prozess der Normwertbestimmung sehr schwierig ist, kann man 
einem Artikel von Prof. Skrabal entnehmen. So ist jede dieser Einteilungen auch 
ein Stück weit immer willkürlich festgelegt worden [1]. Die Verteilung der 
Blutdruckwerte einer Population (und deren Kinder) entsprechen einer 
Gauß’schen Glockenkurve, jede Trennung ist somit artifiziell. Dennoch sind 
Normwerte sinnvoll und nützlich gerade für junge Leute. Da aber für Kinder 
oftmals nur grobe Schätzungen für obere Blutdruckreferenzen vorliegen [8] 
sind neue genauere und dynamische (faktorbezogen: Alter, Geschlecht, Größe) 
Referenzwerte nötig. Diese sind essentiell, wie oben gezeigt, um eine 
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Hypertonie zu diagnostizieren oder ein Risiko verlässlich abschätzen zu können. 
Hierfür bedarf es aber Studien mit sehr großen Patientenzahlen. 
Verschiedene Studien aus unterschiedlichen Regionen der Welt berichteten 
über einen saisonalen Einfluss auf Blutdruckmessungen bei Kindern. Dieses 
Phänomen ist vielerorts noch unbekannt, obwohl schon einige Studien 
veröffentlicht wurden. So zeigten Studien zum Beispiel, dass der Blutdruck im 
Winter höher ist als im Sommer [25, 26, 27]. Dieses Muster der erhöhten 
Blutdrücke im Winter zeigte sich bei Erwachsenen sowie auch Kinder in den 
verschiedensten Regionen der Welt, zum Beispiel in Indien [26, 28], Japan [29], 
Australien [27], in der subarktischen Bevölkerung Norwegens [25] und ebenso 
im subsaharischen Afrika [30]. Eine Studie an erwachsenen Frauen in Indien 
berichtete sogar, dass die saisonalen Blutdruckschwankungen einen großen 
Einfluss auf die Prävalenz der Hypertonie haben [28]. Ein winterlicher Anstieg 
der Bluthochdruckfälle führt dabei zu einem vermehrten Auftreten von 
kardiovaskulären Ereignissen im Winter [31, 32].  
 
 
1.5. Zweck der Studie 
Daten einer großen Kohorte von 6714 Kindern und Jugendlichen wurden auf 
saisonale Schwankungen und den Einfluss der Außentemperatur auf 
Blutdruckmessungen bei diesen Kindern und Jugendlichen untersucht. 
Weiterhin wurden zwei differenzierte Untersuchungen, einmal mit Daten von 
568 Kindern und Jugendlichen und später auf Anregung der Gutachter ein 
individualisierter gepaarter t-Test mit Verlaufsdaten von 2157 Kindern, 
durchgeführt, um die Ausprägung des Tracking- Phänomens bei diesen Kindern 
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und Jugendlichen zu untersuchen. Wir fragten uns, ob es saisonale 
Schwankungen der Blutdruckmessungen unter Kindern und Jugendlichen in 
Deutschland mit gemäßigtem Klima gibt. Wie stark fallen diese Schwankungen 
aus? Was sind die Ursachen? Hat der Einfluss des Klimas schließlich eine 
klinische Relevanz für Blutdruckmessungen an Kindern und Jugendlichen in 
Deutschland? Des Weiteren stellten wir uns Fragen nach Stärke und 
Ausprägung des „Tracking- Phänomens“ bei den Kindern und Jugendlichen in 
unserer Studienkohorte. Welche Schlussfolgerungen lassen sich daraus ziehen? 
Hierbei war es für uns interessant, welche Rolle Messungen während einer 
klinischen Untersuchung spielen und welche Schlussfolgerungen daraus 
gezogen werden können.  
Die Studieninhalte wurde in zwei separaten Artikeln bei Pediatric Nephrology 
publiziert. Die jeweiligen Publikationsmanuskripte bilden den zentralen Teil 
dieser Dissertationsarbeit. 
Datenerhebung und Auswertung 
Die Blutdruckwerte, sowie weitere Daten der Kinder und Jugendlichen in 
unserer Studienkohorte stammen aus dem Datenpool der CrescNet gGmbH. Die 
Wetterdaten an den einzelnen Untersuchungstagen stammen von der 
Wolfram|Alpha knowledge base [33]. Die Bezeichnung „CrescNet“ leitet sich von 
dem lateinischen Wort „crescere“ ab, welches mit „wachsen und gedeihen“ 
übersetzt werden kann. Das ursprüngliche Ziel war es das Wachstum von 
Kindern kompetent beurteilen und begleiten zu können, wie das der Name der 
Datenbank bereits ahnen lässt. Diese Datenbank wurde von Ärzten der 
Universitätskinderklinik der Universität Leipzig gegründet und 2006 in eine 
gemeinnützige GmbH überführt. CrescNet ist mittlerweile zu einem großen 
Netzwerk aus mehr als 300 Kinder- und Jugendärzten und mehr als 20 
pädiatrisch-endokrinologischen Behandlungszentren angewachsen [34]. Bis 
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zum Jahr 2012 wurden Daten von über einer halben Million Kinder und 
Jugendlicher gesammelt [34]. 
Bei dieser Studie handelt es sich um eine deskriptive Analyse. Die Daten wurden 
durch Klinikärzte und ambulante Pädiater erhoben und an CrescNet 
übermittelt. Aus dieser Datenbank wurden in enger Zusammenarbeit mit den 
Mitarbeitern von CrescNet Abfragen entsprechend der Fragestellungen unserer 
Studie durchgeführt und anschließend die ermittelten Daten der Kinder und 
Jugendlichen ausgewertet. Um Verlaufsdaten für die Untersuchung des 
Tracking- Phänomens zu erlangen, wurden auch alte elektronische 
Krankenhausakten bereits registrierter Kinder ausgewertet. Alle folgenden 
statistischen Auswertungen erfolgten in enger Abstimmung mit Frau Vogel, der 
medizinischen Statistikerin des CrescNet und wurden mittels SPSS, R statistics 
und Excel ausgeführt. 
Um die Blutdruckwerte von Kindern aus verschiedenen Altersklassen, mit 
verschiedenen Größen und unterschiedlichem Geschlecht vergleichen zu 
können wurden Z-Werte (Standard deviation scores) berechnet, die die oben 
genannten Eigenschaften einberechneten.  
  
Besonders freuen wir uns, dass wir die Ergebnisse unserer Studie in Pediatric 
Nephrology im Springer-Verlag veröffentlichen konnten. Wir sind sehr dankbar, 
dass die Studie eine derart große Anerkennung erfuhr. Die eingereichten 
Manuskripte sind im folgenden Kapitel abgedruckt. 
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Abstract 
Background: Seasonal fluctuations in outdoor temperature have been shown 
to affect blood pressure in adults. We have asked whether or not there is 
either a seasonal variation or an influence of outdoor temperature on blood 
pressure measurements in children and adolescents in middle Europe.  
 
Methods: Blood pressure was routinely measured in healthy and sick children 
and adolescents in outpatient clinics and during hospitalisation in a total of 
6714 subjects (3,497 boys/3,237 girls), age 3 to 21 years, with a median of 
10.6 years. 
 
Results:  Cross-sectional analysis showed a significant seasonal variation in 
blood pressure measurements. The mean increase of systolic and diastolic 
blood pressure was 4.45/2.42 mmHg during winter. A significant correlation 
between average outdoor temperatures and systolic blood pressure was 
found (ρ=-0.074 p<0.001). However, the effect was only detectable at an 
average temperature below 0° C/32° F and above 10° C/50° F. For each 
degree Celsius increase in average outdoor temperature, the systolic blood 
pressure fell by 0.12 mmHg. 
 
Conclusion: Blood pressure measurements in children and adolescents, even 
in a temperate climate, are influenced by temperature and seasonal variation. 
Considering seasonal variations in blood pressure could be of clinical 
interest. 
 
 
 
Key words: high potential, seasonal variation, climate, temperature, 
paediatrics, middle Europe. 
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Introduction 
The influence of seasonal variation on blood pressure in adults is often 
disregarded despite the literature on this phenomenon. Various surveys and 
studies have documented higher blood pressure in winter [1-3]. This pattern 
seems to hold for children and adults as well in different climate zones. There 
are, for example, reports of seasonal variation in blood pressure from India 
[2, 4], Japan [5], Australia [3], on children in Turkey [6] and on the subarctic 
population of Norway [1]. Despite these reports this phenomenon is neither 
well known nor well understood. 
Even in sub-Saharan Africa, which has only small seasonal climate changes, 
a significant inverse relationship of the ambient temperature and the systolic 
and diastolic blood pressure has been found [7]. In the tropical climate zone it 
has been reported that in female adults, seasonal blood pressure variation 
has a tremendous influence on the prevalence of hypertension [4However, 
symptoms such as dizziness, giddiness, fainting, weakness and blackouts 
due to low blood pressure increase in the summertime [8].  
Hypertension is a risk factor for coronary heart disease, peripheral artery 
occlusive disease and stroke [9, 10]. The seasonal variation of hypertension 
with a peak in winter [11] may result in a seasonal variation in cardiovascular 
diseases [3, 12, 13].  
In winter 53% more cases of acute myocardial infarctions were reported in 
the National Registry of Myocardial Infarction in the USA [13]. Because of the 
lack of data for children and adolescents, we studied the influence of 
seasonal variation in temperature on blood pressure measurements in middle 
European in children and adolescents.  
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Subjects and methods 
Study population 
CrescNet is an evidence-based auxologic network for the early detection of 
children’s growth disorders and tracks obesity of children and adolescents in 
Germany [14-17]. Currently, the network connects 288 German 
paediatricians in practice with 13 centres for paediatrics and paediatric 
endocrinology [18]. Since 1999 CrescNet has monitored about 528,769 
children and adolescents (272,694 boys and 256,075 girls; as of March 
2011). The pseudonymised data were collected during routine medical 
check-ups of healthy and sick children and adolescents in outpatient clinics 
or on wards of the University Children’s Hospital of Leipzig [16]. CrescNet is 
an anonymous databank. There is no information on the reason for blood 
pressure measurements such as diagnosis and treatment. However, we 
believe that the influence of climate and average outdoor temperature on 
blood pressure is not affected by high or low blood pressure or the presence 
of diseases. The large amount of data and the equal distribution of a putative 
bias will in part mitigate a potential problem in any case.  
Blood pressure values were recorded in only 7,702 cases (4,038 boys and 
3,664 girls) with about 24,400 blood pressure values available for analysis 
(Figure 1). Criteria for inclusion were the age of the children and adolescents 
(between 3 to 21 years) and a logical dataset of systolic blood pressure, 
diastolic blood pressure and the average outdoor temperature on the day of 
the blood pressure measurement. Children younger than 3 years (947 
subjects) and people older than 21 years (14 subjects) and children and 
adolescents with implausible standard deviation scores (SDS) value (<-5 and 
>5: 27 subjects) were excluded.  
Children younger than 3 years were excluded from analysis in our study 
because of the difficulties of measuring blood pressure precisely in this age 
14 2. Publikationsmanuskript 
 
14 
 
group. According to pilot studies in our cohort blood pressure, data in 
children younger than 3 years are unreliable and often not reproducible.  
For this cross-sectional analysis, data of 6,714 (3,477 boys and 3,237 girls; 
6,714 blood pressure values) subjects with only one measurement from a 
random visit were thus extracted from the total cohort with registered blood 
pressure values and cumulated over one year. The measurements were 
taken mainly between January 2007 and March 2011 (97.4%). The 
distribution was nearly equal for each day and month of a year. In the 
seasonal variation analysis cohort 5,141 children with an age of 3 years to 
the end of the 13th year, 1,466 adolescents with an age of 14 years to the end 
of the 17th year and 107 young adults with an age of 18 years to the end of 
the 21th year were included. Because of the small percentage of young adults 
we use the term “children and adolescents” for better reading throughout the 
text. 
 
Measurements 
All measurements were performed by paediatricians in practice or trained 
staff in paediatric practices. During paediatric consultations height, weight 
and vital parameters such as the pulse or blood pressure of the children were 
collected according to standardised procedures and were transferred into the 
CrescNet database [14, 15]. All paediatricians were supplied with a 
stadiometer of the same type to ensure identical conditions. Children and 
adolescents were wearing only light underwear [17] so a more accurate body 
weight could be measured. In all departments of the University Hospital of 
Leipzig blood pressure is being measured with an oscillometric device 
(DINAMAP Pro300V2) according to the newest studies of the National High 
Blood Pressure Education Program Working Group on High Blood Pressure 
in Children and Adolescents [19]. The collected data underwent plausibility 
tests [16]. 
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Statistical analysis 
To avoid a bias through the influence of different heights and ages on blood 
pressure, and to make measurements comparable, all measurements were 
transferred to SDS. The SDS defines the deviation of the measurement 
referring to height and age from the median given by the National High Blood 
Pressure Education Program Working Group on High Blood Pressure in 
Children and Adolescents [19]. Information on outside temperature was 
obtained from the Wolfram|Alpha knowledge base [20].  
To evaluate the variation of blood pressure measurements during the course 
of the year, we built a generalised additive model (GAM) with an integrated 
smoothness estimation using 6,714 randomly selected (one 
measurement/person) measurements of systolic blood pressure, diastolic 
blood pressure and the average outdoor temperature during the day of the 
measurement examination.  
Furthermore, we performed a linear regression model to search for 
explanations of variation in systolic and diastolic blood pressure. Pearson’s 
correlation coefficient was calculated in order to analyse correlations 
between blood pressure and outdoor temperature. The level of significance 
was set to α=0.05. All statistical analyses were done in R, which is the 
language for statistical computing (version 2.13.0) [21].  
 
 
Results  
Characteristics 
The characteristics of the study population and climatic facts are presented in 
Table 1. The average age for boys and for girls was similar.  The average 
temperature shows a range of 39.3°C/70.8°F from the coldest day in 
December (-13.67°C/7.4°F) to the warmest day in July (27.56°C/81.6°F). The 
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coldest month was January. The prevalence of hypertensive range blood 
pressure was 18.5% (boys 17.9% and girls 19.1%).  This relatively high 
percentage could refer to the “white coat effect”, the inclusion of children with 
chronic disorders in the hospital sample or the reliance on only a single blood 
pressure reading at each visit. 
 
Seasonal variation of blood pressure  
A highly significant (p<0.001) seasonal variation of blood pressure data was 
found in children and adolescents living in the temperate climate zone in 
middle Europe. Figure 2 depicts the seasonal variation in the generalised 
additive model of the systolic blood pressure SDS (range of 0.395 SDS, 
p<0.001) and the diastolic blood pressure SDS (range 0.22, p<0.001) with a 
peak in winter and a low in summer. This refers to a mean systolic blood 
pressure that increased by 4.45 mmHg from 107.5 ± 0.65 in summer (July) to 
111.9 ± 0.58 in winter (February: average outdoor temperature -
0.13°C/31.77°F). A similar trend was observed with mean diastolic blood 
pressure. It increased by 2.42 mmHg from 63.67 ± 0.41 in summer (August: 
average outdoor temperature 18.25°C/64.9°F) to 66.09 ± 0.41 in winter 
(February). 
Interestingly, even in children and adolescents with hypertensive blood 
pressure, a seasonal variation was found. In the warm summer months there 
was a decrease in the occurrence of hypertensive range blood pressure in 
our study population from 19.2% in winter down to 16.3% in summer 
(p=0.026) (Table 1B.).  
  
Influence factor of temperature 
The mean outdoor temperature in temperate middle Europe increased by 
18.49°C/33.3°F from -0.39°C/31.3°F in winter (to 18.1°C/64.6°F) in summer. 
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The average temperature had a variation of 41.23°C/74.2°F over the year, 
between the warmest day in July and the coldest day in January (Table 1B.).  
A highly significant correlation between the average outdoor temperature and 
the systolic blood pressure SDS was found. The Fisher’s z-transformation 
analysis showed a small negative correlation (rho=-0.074 p<0.001, 
confidence interval -0.0987 to -0.0500 with bootstrapping).  
 
Temperature model  
To investigate this correlation a generalised additive model of the systolic 
blood pressure SDS over the average outdoor temperature was performed 
(Figure 3). The model showed a linear dependency below 0°C/31°F and 
above 10°C/50°F. The systolic blood pressure SDS fell with rising 
temperature. With the increase of each unit (°C) in the average outdoor 
temperature the systolic blood pressure fell by 0.12 mmHg. 
 
Multiple linear regression model 
The change of systolic blood pressure significantly correlated to changes in 
the average outdoor temperature. With each unit (°C) increase in 
temperature, the decrease of systolic blood pressure was 0.12 mmHg (β=-
0.115 p<0.001).  With each unit (°C) increase in temperature, the decrease of 
the systolic blood pressure SDS was 0.011 (β=-0.011 p<0.001). These 
results would correspond to a variation of systolic blood pressure of 4.7 
mmHg and a variation of the systolic blood pressure SDS of 0.454 by a 
variation of temperature of 41.23°C over a year. In our study population the 
systolic blood pressure was also strongly influenced by age, height and 
weight (Table 2). This relation has been reported by others [22]. Height-SDS 
showed an inverse and weight-SDS a positive relationship with blood 
pressure. In the sum of squares analysis the average outdoor temperature by 
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itself explained only a small part of the changes of the systolic blood pressure 
and blood pressure SDS. The influence of age, weight and height was much 
stronger (Table 2).  
 
 
Discussion 
This study demonstrates a clear seasonal variation in the systolic and 
diastolic blood pressure in children and adolescents and the influence of the 
average outdoor temperature in the temperate climate of middle Europe. A 
seasonal pattern with higher blood pressure in the winter months and lower 
blood pressure in the summer months was confirmed and the dependency on 
the average outdoor temperature and other influence factors was shown. 
Such a pattern is seen in all age groups studied. However, the magnitude of 
the seasonal difference might vary possibly due to the small case numbers in 
the groups. 
 
Variation in blood pressure by season 
The mean decrease in systolic and diastolic blood pressure from the coldest 
to the hottest month was 4.45 and 2.42 mmHg (SDS range 0.395 and 0.22). 
This decrease is smaller as compared to other studies on adults, including 
studies in tropical India [2, 4] rural China [23] and studies on hypertensive 
adults in Japan [24]. A smaller decrease as compared to the mentioned 
studies was also found in children living in a Mediterranean climate [6].  
In our study population the occurrence of hypertensive range blood pressure 
increased by 17.8% from summer to winter (Table 1). This resulted in 2.9% 
more children and adolescents with hypertensive blood pressure values. 
Similar results were found in the USA. Deshmukh et al. reported on a pattern 
of seasonal variation in hospitalisations for hypertensive crisis [11].  
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Also, in adult females in India there is an increase of the prevalence of 
hypertension during the winter in India (12.72% in summer to 22.22% in 
winter) [4]. However, the occurrence of symptoms of weakness, dizziness, 
giddiness, fainting and blackouts due to low blood pressure in tropical 
countries can cause severe problems. In India 32.6 % of a female study 
population showed symptoms of hypotension during the summer months 
compared to 2.3% in winter. There was no significant difference in mean 
values of electrolytes, creatinine and urea [8]. The seasonal variation is more 
moderate in children in a temperate climate, but the effect still results in a 
shift in the occurrence of hypertensive values.  
It is hypothesised that seasonal variation of blood pressure could be one of 
the environmental factors of influence leading to an increased incidence or 
case fatality of stroke and acute myocardial infarction [3, 12]. A study by the 
American National Registry of Myocardial Infarction reported 53% more 
cases of acute myocardial infarction in winter [13]. Winter weather conditions 
are thought to induce physiologic stress including infection, 
hypercoagulability and sympathetic activation [12]. It is discussed that the 
increase in blood pressure in winter might be related to cold-induced 
increased sympathetic tone due to increased plasma and urinary 
norepinephrine concentrations leading to peripheral blood vessel constriction 
[2, 11, 12]. Other factors such as body weight, heart rate, serum cholesterol, 
high- density lipoprotein cholesterol, triglycerides, C-reactive protein, factor 
VII activity and fibrinogen also have a seasonal pattern and are mostly higher 
in winter [1, 3, 12]. 
Elevated blood pressure as well as elevated lipid levels and the presence of 
active inflammation may make plaques more vulnerable to rupture [12]. For 
this reason seasonal variation of blood pressure should be a consideration in 
study design and medical treatment.  
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Variation of blood pressure due to outside temperature 
The Fisher’s z-transformation and the multiple linear regression model 
showed only a relatively small impact of temperature on blood pressure. The 
explanation could be the nonlinear dependency shown in the generalised 
additive model (Figure 3). Several other studies described a linear 
dependency over 10°C/50°C [5] and also over 5°C/41°F [23]. Both studies 
referred the disappearance of the linear influence of temperature to the 
usage of heating systems. That could also be a reason for the “plateau” in 
Germany as well, because almost every household uses some kind of 
heating system. It could also refer to a special range of adaptability and 
compensation of the cardiovascular system to changes of temperature 
supported by the isolating effect of clothes. Children and adolescents are not 
able to compensate for extremes of temperature.  
In the model the effect reappears with an average outdoor temperature of 
0°C/31°F.  Even mild temperatures over 10°C/50°F have an effect on blood 
pressure. This effect is independent of the hydration status and changes in 
electrolyte levels [6, 8]. In the current study it was observed that with a 1°C 
fall in average outdoor temperature, there was a 0.12 mmHg rise in systolic 
blood pressure. Compared to other studies in adults this effect is less 
amongst children in middle Europe. Similar studies reported 0.5 mmHg for 
each °C in the sub-Saharan Africa [7], in India 0.88 per °C [2] and in Japan 
0.41 per °C [5, 24]. The climate zone and the number of warm months per 
year may be important. Further investigation should be also done on the 
influence of indoor temperature. A previous study of elderly people performed 
in 1993 mentioned a rise of 1.3 mmHg in systolic blood pressure per 1°C 
decrease in living-room temperature [25].  
It seems from this data that changes in blood pressure in children related to 
outdoor temperature alone might have more clinical relevance for children in 
areas with cold or warm ambient outdoor temperature rather than for children 
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in areas with the temperature experienced in middle Europe. It is also of 
clinical interest whether or not there is a seasonal variation in children or 
adolescents with hypertension and whether or not a dose reduction of 
antihypertensive medication might be advisable during the seasons. 
 
In addition to temperature, there might be further important factors 
influencing blood pressure in children that are not the subject of this study. A 
study in dialysis patients showed that blood pressure increases in winter 
correlated with the interdialytic body weight gain and climatic factors such as 
rainfall, humidity and daylight span [26]. It could be that the seasonal pattern 
of blood pressure in children and adolescents is influenced by body weight 
gain through less exercise and less overall activity during winter time. 
However, several studies in countries with a warmer climate mentioned in 
contrast that a decrease of blood pressure in adults during summer time was 
not attributed to changes in the hydration status [6, 8]. 
It is also important to take into account that in adults vitamin D deficiency is 
associated with higher blood pressure [6, 27]. It could also be that the shorter 
daylight span in winter may influence blood pressure in children and 
adolescents because of a lack of vitamin D. This would then lead to a greater 
blood pressure increase during winter, more so in northern countries with 
less sunlight in winter. However, the difference between blood pressure 
measurements in summer and winter seems to be stronger in tropical 
countries with smaller daylight span changes. Therefore, vitamin D status is 
not a likely reason to explain seasonal variation of blood pressure in children. 
 
 
Conclusion  
Blood pressure measurements in children and adolescents even in the 
temperate climate of middle Europe are influenced by seasonal variation. 
22 2. Publikationsmanuskript 
 
22 
 
This effect can be partially explained by the influence of the average outdoor 
temperature. However, the impact of temperature is relatively small. We 
conclude that blood pressure measurements are highly variable and sensitive 
to environmental influences. Taking seasonal variations in blood pressure 
into account may be of clinical interest only in special fields of paediatric 
nephrology and in dialysis patients. In middle Europe a change of treatment 
management is not necessary. However, seasonal variation should be 
considered in epidemiological studies on the prevalence of hypertension in 
children and adolescents and also in studies on the personalised 
management of antihypertensive medication.  
 
Acknowledgements  
We wish to express our sincere gratitude to the participating physicians, 
colleagues, nurses and scientists. We are indebted to the children and their 
parents for their patience. 
Funding Sources 
The original setup of CrescNet was supported by unrestricted educational 
grants from Merck Serono, Lilly, Novo Nordisk, Pfizer and Ipsen. This support 
is gratefully acknowledged. This work was supported by grants from the 
Medical Faculty of the University of Leipzig, Leipziger Forschungszentrum für 
Zivilisationserkrankungen (LIFE), the Kompetenznetz Adipositas Leipzig 
(LARGE) and BMBF, Berlin. Wieland Kiess is also supported by grants from 
LIFE-Research Centre, Leipzig and Deutsche Forschungsgemeinschaft 
(DFG). 
Disclosures 
No role of the funding source  No conflict of interests 
23 2. Publikationsmanuskript 
 
23 
 
References  
1) Hopstock LA, Barnett AG, Bønaa KH, Mannsverk J, Njølstad I, Wilsgaard 
T (2012) Seasonal variation in cardiovascular disease risk factors in a 
subarctic population: the Tromso Study 1979-2008. J Epidemiol Community 
Health 67:113-118 
 
2) Sinha P, Kumar TD, Singh NP, Saha R (2010) Seasonal variation of blood 
pressure in normotensive females aged 18 to 40 years in an urban slum of 
Delhi, India. Asia Pac J Public Health. 22:134-145 
 
3) Wang Y, Levi CR, Attia JR, D'Este CA, Spratt N, Fisher J (2003) Seasonal 
variation in stroke in the Hunter Region, Australia: a 5-year hospital-based 
study, 1995-2000. Stroke 34:1144-1150 
 
4) Sinha P, Taneja DK, Singh NP, Saha R (2010) Seasonal variation in 
prevalence of hypertension: Implications for interpretation. Indian J Public 
Health 54:7-10 
 
5) Hozawa A, Kuriyama S, Shimazu T, Ohmori-Matsuda K, Tsuji I (2011) 
Seasonal variation in home blood pressure measurements and relation to 
outside temperature in Japan. Clin Exp Hypertens 33:153-158 
 
6) Polat M, Akil I, Yuksel H, Coskun S, Yilmaz D, Erguder I, Onag A (2006) 
The effect of seasonal changes on blood pressure and urine specific gravity 
in children living in Mediterranean climate. Med Sci Monit. 12:CR186-190 
 
7) Kunutsor SK, Powles JW . (2010) The effect of ambient temperature on 
blood pressure in a rural West African adult population: a cross-sectional 
study. Cardiovasc J Afr 21:17-20 
24 2. Publikationsmanuskript 
 
24 
 
8) Sinha P, Singh NP, Taneja DK, Sah R (2010) Does blood pressure 
variability affect the summer associated symptoms amongst females? J 
Assoc Physicians India 58:225-228 
 
9) MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, et al (1990) 
Blood pressure, stroke, and coronary heart disease. Part 1, prolonged 
differences in blood pressure: prospective observational studies corrected for 
the regression dilution bias. Lancet  335:765-774 
 
10) Strokes J, Kannel WB, Wolf PA, D'Agostino RB, Cupples LA (1989) 
Blood pressure as a risk factor for cardiovascular disease. The Framingham 
Study ± 30 years of follow-up. Hypertension 13:I33-I35 
 
11) Deshmukh A, Pant S, Kumar G, Murugiah K, Mehta J (2012) Seasonal 
variation in hypertensive emergency hospitalization. J Clin Hypertens 
(Greenwich) 14:269-270 
 
12) Sheth T, Nair C, Muller J, Yusuf S (1999) Increased winter mortality from 
acute myocardial infarction and stroke: the effect of age. J Am Coll Cardiol 
3:1916-1919 
  
13) Spencer FA, Goldberg RJ, Becker RC, Gore JM (1998) Seasonal 
distribution of acute myocardial infarction in the second National Registry of 
Myocardial Infarction. J Am Coll Cardiol 31:1226-1233 
 
14) Keller E, Gausche R, Meigen C, Keller A, Burmeister J, Kiess W (2002) 
Auxological computer based network for early detection of disorders of 
growth and weight attainment. J Pediatr Endocrinol Metab 15:149-156 
 
25 2. Publikationsmanuskript 
 
25 
 
15) Kiess W, Gausche R, Keller A, Burmeister J, Willgerodt H, Keller E 
(2001) Computer-guided, population-based screening system for growth 
disorders (CrescNet) and on-line generation of normative data for growth and 
development. Horm Res 56 Suppl 1:59-66 
 
16) Hoepffner W, Pfäffle R, Gausche R, Meigen C, Keller E (2011) Early 
detection of growth disorders with the CrescNet system at the Leipzig 
treatment center. Dtsch Arztebl Int 108:123-128 
 
17) Blüher S, Meigen C, Gausche R, Keller E, Pfäffle R, Sabin M, Werther G, 
Odeh R, Kiess W (2011) Age-specific stabilization in obesity prevalence in 
German children: a cross-sectional study from 1999 to 2008. Int J Pediatr 
Obes 6:199-206 
 
18) http://crescnet.org/cgi-bin/uebersicht.pl [Date of access: Sept 2011] 
 
19) National High Blood Pressure Education Program Working Group on 
High Blood Pressure in Children and Adolescents. (2004) The fourth report 
on the diagnosis, evaluation, and treatment of high blood pressure in children 
and adolescents. Pediatrics 114:555-576 
 
20) Wolfram Mathematica WeatherData. Some Resources: European Centre 
for Medium‐Range Weather Forecasts (ECMWF); University Corporation for 
Atmospheric Research; World Meteorological Organization. 
www.wolframalpha.com [Date of access: March 2011] 
 
21) R Development Core Team (2011) R: A language and environment for 
statistical computing. R Foundation for Statistical Computing, Vienna, 
26 2. Publikationsmanuskript 
 
26 
 
Austria. ISBN 3-900051-07-0, URL: http://www.R-project.org/. [Date of 
access: Sept 2011] 
 
22) Reich A, Müller G, Gelbrich G, Deutscher K, Gödicke R, Kiess W (2003)  
Obesity and blood pressure-results from the examination of 2365 
schoolchildren in Germany. Int J Obes Relat Metab Disord 27:1459-1464 
 
23) Lewington S, Li L, Sherliker P, Guo Y, Millwood I, Bian Z, Whitlock G, 
Yang L, Collins R, Chen J, Wu X, Wang S, Hu Y, Jiang L, Yang L, Lacey B, 
Peto R, Chen Z (2012) China Kadoorie Biobank study collaboration. 
Seasonal variation in blood pressure and its relationship with outdoor 
temperature in 10 diverse regions of China: the China Kadoorie Biobank. J 
Hypertens 30:1383-1391 
 
24) Iwabu A, Konishi K, Tokutake H, Yamane S, Ohnishi H, Tominaga Y, 
Kusachi S (2010) Inverse correlation between seasonal changes in home 
blood pressure and atmospheric temperature in treated-hypertensive 
patients. Clin Exp Hypertens 32:221-226 
 
25) Woodhouse PR, Khaw KT, Plummer M (1993) Seasonal variation of 
blood pressure and its relationship to ambient temperature in an elderly 
population. J Hypertens 11:1267-1274 
 
26) Argilés A, Lorho R, Servel MF, Chong G, Kerr PG, Mourad G (2004) 
Seasonal modifications in blood pressure are mainly related to interdialytic 
body weight gain in dialysis patients. Kidney Int 65:1795-1801 
 
27) Tamez H, Kalim S, Thadhani RI(2013) Does vitamin D modulate blood 
pressure? Curr Opin Nephrol Hypertens 22:204-209 
27 2. Publikationsmanuskript 
 
27 
 
Tables 
Table 1(a). Clinical characteristics of study subjects (n=6714)  
      Boys (n=3477)   Girls (n=3237) 
Clinical features*    mean ± SD  
Age, years 10.5±4.2 10.6±4.2 
109.7±14.0 
64.9±10.0 
141.0±23.6 
42.3±22.0 
19.8±5.6 
Systolic BP,    mmHG 110.5±15.3 
Diastolic BP, mmHg 64.7±10.0 
Height, cm 141.9±26.1 
Weight, kg 42.1±23.8 
BMI, kg/m 19.3±5.3 
number in different age 
groups 
children: 5141 3-
14 years 
adolescents: 1466 14-
18 years 
young adults: 107 18-
21 years 
BP indicates blood pressure; SD indicates the standard deviation. *Values for covariates 
were obtained from the date of the blood pressure measurement for each child and 
adolescent. Only one blood pressure measurement was obtained during a random visit. 
Blood pressure measurements analysed: n= 6,714. 
 
Table 1(b). Climatic characteristics (n=6714) 
 Min Median Max Range Significance 
summer - 
winter 
Average  outdoor 
temperature, °C/ °F 
-13.67/ 
7.4 
8.33/ 
47.7 
27.56/ 
81.6 
41.23/ 
74.2 
Average outdoor 
temperature °C* 
spring summer fall winter  
9.4±5.0 18.1±3.0 8.6±5.1 -0.39±4.6 p<0.001 
hypertensive range blood 
pressure in % 
18.8 16.3 19.8 19.2 p=0.026 
Average outdoor temperature was measured on the day of blood pressure measurement. * 
mean ± SD 
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Table 2(a). Beta coefficients in multiple linear regression model  
Analysis for systolic blood pressure  
 
Variable* β1 P value Sum P value 
Deviance 
explained [%] 
average outdoor 
temperature 
-0.115 <0.001 5830 <0.001 0.42 
height SDS -0.543 <0.001 58752 <0.001 6.36 
weight SDS 3.096 <0.001 136455 <0.001 14.78 
Age 1.543 <0.001 260877 <0.001 18.83 
Residuals   923495  66.66 
 
Table 2(b). Beta coefficient in linear regression model  
Analysis for systolic blood pressure SDS 
average outdoor 
temperature 
-0.011 <0.001 44 <0.001 0.5 
residuals   8695  99.5 
All results were calculated with R statistics. BP indicates blood pressure; Sum indicates the 
Sum of squares; β1 indicates the increase of the graphs of each item in the linear regression 
model. Sum of squares analysis: total sum of squares (1,385,409) = explained sum of 
squares (see each item) + residual sum of squares (923,495). 
 *All measured values were obtained from the day of the blood pressure measurement. 
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Figure legends 
 
Figure 1 Blood pressure cohort selection process. The CrescNet data base 
stores data from 528,769 children and adolescents with 2,247,909 clinical 
values as of March 2011. Out of these only 7,702 children and adolescents 
with 24,496 blood pressure measurements are registered. CrescNet was 
primarily intended to compare growth values. Since 2007 blood pressure 
measurements were recorded systematically. These numbers are underlying 
permanent changes and represent estimates for March 2011. 
 
Figure 2 Generalised additive model of systolic and diastolic blood pressure 
standard deviation score (BPSDS) over time. a Generalised additive model of 
the systolic blood pressure standard deviation score over time (months of a 
year, January (1) up to December (12)) p<0.001; smooth terms: p<0.001. b 
Generalised additive model of the diastolic blood pressure SDS over time 
(months of a year, January (1) up to December (12)) p<0.001; smooth terms: 
p<0.001. 
 
Figure 3 Generalised additive model of systolic blood pressure standard 
deviation score (BPSDS) over average outdoor temperature including a 
confidence interval. The graph shows the relation between blood pressure 
measurements and the average outdoor temperature in °C and F° (p<0.001; 
smooth terms: p<0.001). 
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Abstract 
Background: High blood pressure is a major risk factor for cardiovascular 
disease. Blood pressure tracking could help to identify individuals with 
potential hypertension. Therefore, we have asked whether or not tracking 
was of predictive value for the development of hypertension in early life.  
Methods: Blood pressure was routinely measured in 13,261children and 
adolescents in outpatient clinics as well as during hospitalization. In a sub-
analysis 568 individuals with normotensive and elevated blood pressure were 
compared after three follow-up periods (two, four and six years) and 2,157 
normotensive individuals were compared in a paired t-test.  
Results: The follow-up analysis showed a significant tracking effect. 
However, the Pearson correlation coefficients of the systolic and diastolic 
blood pressure SDS decreased over time. Upon the follow-up after six years 
35.6% of the children and adolescents with elevated blood pressure values 
remained in the elevated range group. Of the children within the 
normotensive blood pressure range 80.4% remained normotensive after six 
years. Children with normotensive blood pressure showed a stronger tracking 
than those who had had one hypertensive blood pressure reading. Children 
with high body weight gain left their SDS track to higher blood pressure 
values. 
Conclusion:  Blood pressure tracking in children and adolescents is 
moderate. We conclude that the predictive power of a single hypertensive 
blood pressure measurement during a single visit is rather small, and thus 
repetitive measurements across several consecutive visits are necessary.  
Key Words: hypertension, Central Europe, paediatric blood pressure 
measurements, CrescNet, risk analysis  
Introduction 
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Hypertension is a risk factor for coronary heart disease, peripheral artery 
occlusive disease, stroke and even chronic renal failure [1-3]. However, the 
prevalence of hypertension in children is low: for example, a study conducted 
in Switzerland suggests a prevalence of only 2% [4]. Nevertheless, it is 
recommended that children over the age of three years should have their 
blood pressure measured during every medical visit [5], given that it is 
thought that only serial measurements allow detection of early pathological 
changes. Results of blood pressure measurements are highly variable and 
sensitive to internal influences such as age, gender, height [5] and the body 
mass index [6]. Tracking of blood pressure can be useful in identifying 
individuals with potential hypertension, even in young age. Tracking is 
defined as the extent of retaining an individual ranking over time relative to 
others [7]. Meta-analysis of blood pressure measurements has found 
significant tracking [8, 9]and there seems to be familial aggregation of blood 
pressure early in life [10]. The correlation coefficients of blood pressure 
tracking are smaller than those of more stable values, such as height 
(correlation coefficients between 0.3 and 0.45 over 10 year periods for blood 
pressure, compared to 0.70 and 0.80 for height [11]). In a large retrospective 
trend analysis, we asked whether and to what extent there was tracking of 
blood pressure measurements in children and adolescents in Central Europe.  
 
 
Subjects and methods 
Study population 
CrescNet is an auxologic network for the early detection of children’s growth 
disorders and overweight children in Germany [12-15]. Currently, the network 
connects more than 300 German paediatricians in practice and more than 20 
centres for paediatrics and paediatric endocrinology [16]. Since 1999, 
CrescNet has monitored around 654,983 children (337,904 boys and 
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317,079 girls) with 3,047,706 measurements of growth and the 
cardiovascular system by May 2013. The pseudonymized data is collected 
during routine medical check-ups of healthy and sick children in outpatient 
clinics or inpatient: for example, on wards of the University Children’s 
Hospital of Leipzig [14]. Until May 2013, blood pressure values had been 
recorded in only 13,261 children (6,853 boys and 6,408 girls), with 42,528 
blood pressure values (figure 1). Criteria for inclusion were the age of the 
children (between 3 to 21 years) and a logical dataset of systolic and diastolic 
blood pressure. Children younger than three years were excluded from 
analysis in our study, owing to the difficulties in precisely measuring blood 
pressure in this age group. According to pilot studies in our cohort, blood 
pressure data in children younger than three years is unreliable and often not 
reproducible. The measurements for the follow-up groups were mainly taken 
between 2007 and March 2011 (97.4%), with one healthcare visit per child 
selected randomly. The follow-up groups were not dependent on one 
another. For the retrospective follow-up analysis, a total of 568 children and 
adolescents out of a pool of 13,261 were available. After a follow-up period of 
two years, data involving 568 children (255 boys and 313 girls) could be 
retrieved. After four years, only 377 children (167 boys and 210 girls) could 
be included in the analysis and 217 children (100 boys and 117 girls) after six 
years (Table 1). The children in each follow-up group were divided according 
to the blood pressure measurement of the first visit, into a subgroup with 
elevated systolic blood pressure (systolic blood pressure at the 90th centile or 
higher [SDS of 1.2816]) and a subgroup with normal systolic blood pressure 
(systolic blood pressure below the 90th centile). Follow-up measurements in a 
second visit were sub grouped into hypertensive range blood pressure 
(systolic blood pressure at the 95th centile or higher [SDS 1.6449]), 
prehypertensive range blood pressure (systolic blood pressure at 90th centile 
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or higher and below the 95th centile) and normal range blood pressure 
measurements (systolic blood pressure the 90th centile).  
Furthermore, 2,157 children and adolescents were analysed for tracking in 
different age intervals in an additional t-test, with only children with 
normotensive blood pressure included in the analysis. 746 children and 
adolescents were included in the paired t-test comparing the age intervals of 
five to 8 and 8 to 10 years. In the paired t-test comparing the age intervals of 
8 to 10 and 10 to 12 years, 852 children and adolescents were included. In 
the paired t-test comparing the age intervals of 10 to 12 and 12 to 14 years, 
851 children and adolescents were included. Finally, 713 children and 
adolescents were included in the paired t-test comparing the age intervals of 
12 to 14 and 14 to 18 years. 
 
Measurements 
All measurements were performed by paediatricians in practice or trained 
staff in paediatric practices. During paediatric consultations, height, weight 
and vital parameters such as the pulse or blood pressure of the children and 
adolescents were collected according to standardised procedures, and were 
subsequently transferred into the database of CrescNet [12, 13]. All 
paediatricians were supplied with a stadiometer of the same type to ensure 
identical conditions. For measuring the body weight, the children were only 
wearing light underwear [15]. In all departments of the University Hospital of 
Leipzig (80% of the blood pressure measurements), blood pressure is 
measured with an oscillometric device (DINAMAP Pro300V2), according to 
the latest studies of the National High Blood Pressure Education Program 
Working Group on High Blood Pressure in Children and Adolescents [5]. The 
remainder of the measurements were obtained using comparable devices 
that we cannot specify in each individual case. All measured values 
underwent plausibility tests [14]. 
38 2. Publikationsmanuskript 
 
38 
 
 
Characteristics  
The characteristics of the study population are compared to all children with 
blood pressure values in Table 1. The distribution of blood pressure 
measurements SDS in the follow-up cohort is equal to the distribution of 
blood pressure measurements SDS in the complete blood pressure cohort. 
The average age was similar for boys and girls. The complete sample with 
measured blood pressure showed more cases with elevated blood pressure 
readings. The percentage of children or adolescents with elevated blood 
pressure measurements was 25.3% (23.1% boys; 27.5% girls) in the follow-
up sample and 31.9% (31.1% boys; 32.6% girls) in the complete sample. 
These relatively high percentages are presumably due to the “white coat” 
effect, involving a higher inclusion of children with chronic disorders in the 
hospital sample, as well as the reliance on a single blood pressure reading 
during each visit. 
 
Statistical analysis  
All measurements were transferred into standard deviation scores (SDS) to 
avoid a bias concerning the influence of different heights and ages on blood 
pressure and render measurements comparable. SDS defines the deviation 
of the measurement referred to height and age from the median given by the 
”National High Blood Pressure Education Program Working Group on High 
Blood Pressure in Children and Adolescents”[5]. A Pearson’s correlation 
analysis was performed to investigate the blood pressure tracking in our 
cohort, comparing the systolic and diastolic blood pressure for both sexes 
and in total, as well as elevated and normal range systolic blood pressure 
measurements in each follow-up group. In order to compare the tracking in 
more detail, the outcome in the subgroups with elevated and normal range 
blood pressure measurements at baseline were tested against each other in 
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the fisher’s exact test, with the calculations completed in SPSS and Excel. 
Furthermore, we performed a paired t-test to investigate the individual 
tracking of children and adolescents in different age intervals (figure 1), which 
are not dependent on each other. We also analysed the blood pressure 
changes in relation to BMI (body mass index). These statistical analyses 
were undertaken in R, a language for statistical computing (version 2.13.0) 
[18]. The level of significance was set at α=0.05. 
 
 
Results 
Pearson’s Correlation analysis 
We performed a Pearson's product-moment correlation to investigate the 
tracking phenomena in 568 children with follow-up data shown in table 2. 
After two and four years’ follow-up time, there was a moderate decrease in 
the correlation coefficients for both boys and girls. The total (boys and girls) 
significant correlation coefficients for the systolic blood pressure SDS were r= 
0.414 (p<0.001) after two years, r= 0.368 (p<0.001) after four years and r= 
0.269 (p<0.001) after six years. A similar trend was found in the diastolic 
blood pressure SDS, with a decrease of 0.314 (p<0.001) after two years and 
0.258 (p<0.001) after four years. After six years, there was no significant 
correlation. Comparing both sexes, the tracking seemed to be slightly higher 
in male children and adolescents.  
Figure 2a illustrates the decline of tracking during a period of six years, with a 
decrease of 0.046 between two and four years and 0.099 between four and 
six years for the systolic blood pressure SDS. The decrease of the diastolic 
blood pressure SDS was similar (0.056 points from two to four years). It is 
important to take into account that the results for the diastolic blood pressure 
SDS were only significant for two and four years’ follow-up time, as shown in 
table 3.  Furthermore, comparing the correlation coefficients in figure 2b, the 
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tracking of children and adolescents within the elevated range was weaker 
than the tracking of children and adolescents with normotensive range blood 
pressure measurements. After two years, the correlation coefficients of the 
group within the elevated blood pressure range were lower compared to the 
group with normotensive blood pressure range (0.030 points lower after two 
years). The correlation coefficients for the subgroup with elevated blood 
pressure measurements were not significant after four and six years follow-
up. Each subgroup showed a decline of the correlation coefficients, and the 
decline of the follow-up groups with elevated blood pressure measurements 
was even stronger. 
 
We chose a similar approach to the German study of Briedigkeit [17] to gain 
more detailed information about tracking in our sample, albeit with higher 
case numbers. Table 3 presents the allocation of the groups as well as the 
assignment into the three subgroups at the end of each follow-up time group. 
After two years follow-up time, 46.9% of the children (31.7% hypertensive 
and 15.2% prehypertensive)l remained in their systolic blood pressure SDS 
range (elevated blood pressure above the 90th centile). After four years, 
36.5% (27.1 % hypertensive and 9.4% prehypertensive) and after six years, 
35.6% (28.8% hypertensive and 6.8 prehypertensive) remained in the 
elevated SDS range. Interestingly, only 83.0% of the children and 
adolescents retained their normotensive range blood pressure value after two 
years, 81.9% after four years and 80.4% after six years. However, 50% to 
60% of the children with initially elevated blood pressure measurement had 
achieved normal range values upon the follow-up time.  
 
A paired t-test was performed in order to observe the individual blood 
pressure change with increasing age (see figure 3), with a specific age 
interval was tested against the subsequent interval. In figures 3a to 3d, two 
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horizontal and two vertical lines mark the blood pressure SDS for normal 
range blood pressure (-1.28 and 1.28), with all children in the middle square 
normotensive in both age intervals. The diagonal line is the line of zero blood 
pressure SDS changes with the distance to the diagonal line indicating the 
power of the tracking. The closer the values to this line, the lower the blood 
pressure SDS change and the stronger the tracking. The mean difference to 
the zero line increases from 0.04 at an age interval from five years to 10 
years continuously up to 0.24 at an age from 12 years to 18 years. In all age 
intervals, the correlation coefficients varied from 0.396 (age interval 5 years 
to 8 ages compared 8 years to 10 years) to 0.479 (age interval 12 years to 14 
years compared to 14 years to 18 years). The correlation is not significant for 
the comparison of age intervals of five years to 8 years and 8 years to 10 
years (see legend to figure 3a). In this analysis, 51.1% to 62.1% of the 
children and adolescents with an elevated blood pressure measurement in 
the first age interval had a second elevated blood pressure measurement in 
the subsequent age interval. Furthermore, 80.2% up to 86.7% of the children 
and adolescents with normotensive blood pressure measurement in the first 
age interval had a second normotensive measurement in the next following 
age interval.  
The blood pressure changes in their dependence upon BMI are shown in 
figure 4, which is organised in the same way as figure 3 (see the legend to 
figure 3).The shape of the points indicates the BMI in the first age interval 
(10-12 years), while the colour indicates the BMI in the second age interval 
(12-14 years). The small light grey points symbolise the lean children or 
adolescents who remained lean, while the big dark points symbolise the 
obese children who remained obese over time. The small dark points 
represent children or adolescents, who gained more weight compared to 
other children in their age. Regarding the middle square, lean children are 
more in the left lower corner and closer to the diagonal line, whereas obese 
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children are more in the right upper corner and more distant from the 
diagonal line. Children with higher weight gain often cross the line (upper 
horizontal line) to hypertensive blood pressure readings. 
  
 
Discussion 
Elevated blood pressure is associated with an increased risk of 
cardiovascular diseases, stroke and mortality. Therefore, an understanding of 
the tracking of blood pressure is even important at young age. Many 
covariates such as age, gender, height, body mass index, nutrition during 
pregnancy and smoking parents influence blood pressure, even in early life 
[5, 6, 19, 20].  
 
The tracking phenomenon is known as an autocorrelation of a measured 
value in a defined corridor of percentiles. Understanding this phenomenon is 
important to estimate the predictive power of measured blood pressure 
values in children and the strategy of treating hypertension in children 
according to their future risk. This study examined the tracking behaviour of 
elevated and normal blood pressure data in children and adolescents in 
Central Europe. Furthermore, we also examined the predictive power of a 
single blood pressure reading. 
 
Pearson’s correlation analysis revealed a moderate tracking in the systolic 
and diastolic blood pressure SDS groups, which was stronger in the former 
than the latter, while the power of tracking decreases over time. These 
effects are also known in other studies [8, 9]. We found that the effect of 
tracking is also smaller in the cohort with elevated blood measurements at 
baseline. Figure 2 shows the correlation coefficients over time for children 
and adolescents with normotensive and elevated blood pressure 
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measurements. The differences in tracking could refer to successful 
treatment of children or adolescents with hypertensive blood pressure, which 
may reduce the power of tracking. Further reasons for single or repetitive 
elevated blood pressure values could include the “white coat” effect, false 
measurement technique or the reliance on single blood pressure 
measurements.  
 
At follow-up 46.9% (after two years) and 35.6% (after six years) of the 
children and adolescents with elevated blood pressure measurement 
retained an elevated blood pressure. The paired t-test showed similar results: 
51.1% to 62.1% of the children and adolescents with elevated blood pressure 
retained the elevated blood pressure. However, 80.4% and 83.05 of the 
children and adolescents with normotensive blood pressure measurements 
retained the normotensive value at follow-up, with the same results seen in 
the t-test: 80.2% and 86.7% remained normotensive. The mean difference 
given in the legend to figure 3 describes the mean distances of each point to 
the diagonal zero line. By comparing the age intervals in a paired t-test, an 
increase of the mean difference from 0.04 in an age interval from five years 
to 10 years up to 0.24 in an age interval from 12 years to 18 years was 
observed. The relevance of the mean difference is limited by the wide spread 
of the points in term of distance to the zero line. The correlation coefficients 
from this analysis increased from 0.396 in children to 0.479 in adolescents. 
The BMI of many children changed at the start of puberty (figure 4). As is 
already known, the BMI strongly influences blood pressure, with many of the 
children and adolescents with higher weight gain leaving their SDS track to 
higher blood pressure values. Accordingly, an increase in BMI negatively 
influenced the power of tracking. 
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Current studies showed that the influence of hypertension on the risk of 
cardiovascular disease in obese children is not reversible through losing 
weight as an adult [21, 22]. Therefore, an increasing BMI and hypertension 
during childhood represents a serious problem. We may conclude that 
patients with a single normotensive blood pressure visit will most likely 
remain normotensive, although the predictive power of elevated blood 
pressure readings is relatively small. We recommend repetitive blood 
pressure measurements during all health care visits. 
 
 
Conclusion  
Blood pressure measurements in children and adolescents showed a 
moderate tracking phenomenon. The systolic and normotensive blood 
pressure tracking is stronger than that of the diastolic and of elevated blood 
pressure. Upon follow-up over six years, only 35.6% of the children and 
adolescents with elevated blood pressure retained elevated blood pressure. 
Almost 20% of the children with normal blood pressure values showed 
elevated blood pressure values later on. Children with higher BMI tend to 
leave the SDS track to higher blood pressure values. Consequently, we 
conclude that the predictive power of an elevated blood pressure 
measurement during a single visit is rather small, and thus repetitive 
measurements are necessary.  
 
 
 
 
 
 
 
45 2. Publikationsmanuskript 
 
45 
 
Acknowledgements  
We wish to express our sincere gratitude to the participating physicians, 
colleagues, nurses and scientists.  We are indebted to the children and their 
parents for their patience. 
 
Funding Sources 
The original setup of CrescNet was supported by unrestricted educational 
grants from Merck Serono, Lilly, Novo Nordisk, Pfizer and Ipsen. This support 
is gratefully acknowledged. This work was supported by grants from the 
Medical Faculty of the University of Leipzig, Leipziger Forschungszentrum für 
Zivilisationserkrankungen (LIFE) and the Kompetenznetz Adipositas Leipzig 
(LARGE). Wieland Kiess is also supported by grants from LIFE, Research 
Center, Leipzig and Deutsche Forschungsgemeinschaft (DFG), European 
Union funds and BMBF, Berlin. 
 
Disclosures 
No role of the funding source  
No conflict of interests 
 
 
 
 
 
 
 
 
 
 
 
46 2. Publikationsmanuskript 
 
46 
 
References  
 
1. MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, et al. (1990) 
Blood pressure, stroke, and coronary heart disease. Part 1, prolonged 
differences in blood pressure: prospective observational studies corrected for 
the regression dilution bias. Lancet  335:765-774 
 
2. Strokes J, Kannel WB, Wolf PA, D'Agostino RB, Cupples LA (1989) Blood 
pressure as a risk factor for cardiovascular disease. The Framingham Study 
± 30 years of follow-up. Hypertension 13:I33-I35 
 
3. Klag MJ, Whelton PK, Randall BL, Neaton JD, Brancati FL, Ford CE, et al. 
(1996) Blood pressure and end-stage renal disease in men. N Engl J Med 
334:13-18 
 
4. Chiolero A, Cachat F, Burnier M, Paccaud F, Bovet P (2007)  Prevalence 
of hypertension in schoolchildren based on repeated measurements and 
association with overweight. J Hypertens 25:2209-2217 
 
5. National High Blood Pressure Education Program Working Group on High 
Blood Pressure in Children and Adolescents (2004) The fourth report on the 
diagnosis, evaluation, and treatment of high blood pressure in children and 
adolescents. Pediatrics 114:555-576 
 
6. Reich A, Müller G, Gelbrich G, Deutscher K, Gödicke R, Kiess W (2003) 
Obesity and blood pressure-results from the examination of 2365 
schoolchildren in Germany. Int J Obes Relat Metab Disord 27:1459-1464 
 
 
47 2. Publikationsmanuskript 
 
47 
 
7. Foukes MA, Davis CE (1981) An index of tracking for longitudinal data.  
Biometrics 37:439-446 
 
8. Toschke AM, Kohl L, Mansmann U, von Kries R (2010) Meta-analysis of 
blood pressure tracking from childhood to adulthood and implications for the 
design of intervetion trials. Acta Paediatr 99:24-29 
 
9. Chen X, Wang Y (2008) Tracking of blood pressure from childhood to 
adulthood: a systematic review and meta-regression analysis. Circulation 
117:3171-3180 
 
10. Zinner SH, Rosner B, Oh W, Kass EH (1985) Significance of blood 
pressure in infancy. Familial aggregation and predictive effect on later blood 
pressure. Hypertension 7:411-416 
 
11. Elliott WJ (1997) Blood pressure tracking. J Cardiovasc Risk 4:251-256 
 
12. Keller E, Gausche R, Meigen C, Keller A, Burmeister J, Kiess W (2002) 
Auxological computer based network for early detection of disorders of 
growth and weight attainment. J Pediatr Endocrinol Metab 15:149-156 
 
13. Kiess W, Gausche R, Keller A, Burmeister J, Willgerodt H, Keller E 
(2001) Computer-guided, population-based screening system for growth 
disorders (CrescNet) and on-line generation of normative data for growth and 
development. Horm Res 56 Suppl 1:59-66 
 
14. Hoepffner W, Pfäffle R, Gausche R, Meigen C, Keller E (2011) Early 
detection of growth disorders with the CrescNet system at the Leipzig 
treatment center. Dtsch Arztebl Int 108:123-128 
48 2. Publikationsmanuskript 
 
48 
 
15. Blüher S, Meigen C, Gausche R, Keller E, Pfäffle R, Sabin M, et al (2011) 
Age-specific stabilization in obesity prevalence in German children: a cross-
sectional study from 1999 to 2008. Int J Pediatr Obes 6:e199-206 
 
16. http://crescnet.org/cgi-bin/uebersicht.pl  [date of access: Jan 2013] 
 
17. Briedigkeit W (1993) Blutdruckentwicklung bei Kindern und Jugendlichen.  
DMW 35:1227-1230 
 
18) R Development Core Team (2011) R: A language and environment for 
statistical computing. R Foundation for Statistical Computing, Vienna, 
Austria. ISBN 3-900051-07-0, URL: http://www.R-project.org/. [Date of 
access: Sept 2011] 
 
19. Aaltonen J, Ojala T, Laitinen K, Piirainen TJ, Poussa TA, Isolauri E 
(2008) Evidence of infant blood pressure programming by maternal nutrition 
during pregnancy: a prospective randomized controlled intervention study. J 
Pediatr 152:79-84 
 
20. Simonetti GD, Schwertz R, Klett M, Hoffmann GF, Schaefer F, Wühl E 
(2011) 
Determinants of blood pressure in preschool children: the role of parental 
smoking. Circulation 123:292-298 
 
21. Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, Sabin MA, 
et al. (2011) Childhood adiposity, adult adiposity, and cardiovascular risk 
factors. N Engl J Med 365:1876-1885 
 
49 2. Publikationsmanuskript 
 
49 
 
22. Tirosh A, Shai I, Afek A, Dubnov-Raz G, Ayalon N, Gordon B, et al.(2011) 
Adolescent BMI trajectory and risk of diabetes versus coronary disease N 
Engl J Med 364:1315-1325
50 2. Publikationsmanuskript 
 
50 
 
Tables 
Table 1(a). Clinical characteristics of study subjects  
 
complete blood pressure cohort 
as of May 2013 
sample for follow-up analysis 
until March 2011 
 boys (n=6,853) girls (n=6,408) boys (n=255) girls (n=313) 
clinical features 
age, years* 10.5±4.2 10.7±4.2 9.9±3.6 9.1±3.5 
systolic BP, 
SDS* 
0.764±1.1 0.794±1.2 0.614±1.0 0.617±1.2 
diastolic BP, 
SDS* 
0.447±1.1 0.458±1.2 0.387±0.8 0.349±0.8 
elevated BP, % 31.1 32.6 23.1 27.5 
 
Table 1(b). Characteristics* of the study subgroups 
Follow up 
groups 
 
age*a systolic BP at 
baseline SDS* 
sex at baseline 
boys girls 
% 
boys 
elevated normal 
2 years 
9.45±3.55 
 0.615±1.12 255 313 44.9 145 423 
4 years 
8.29±3.18 
 0.650±1.11 210 167 55.7 96 281 
6 years 
7.64±3.03 
 0.646±1.30 100 117 46.1 59 158 
*Values are mean ± SD or percentages. BP indicates blood pressure. For the sample that 
was used for trend analyses, characteristics are from the date of the first initial 
measurement. 
a The average age of the groups decreases in the follow-up years, because the date of the 
initial measurement was earlier in life of children with long follow-up as compared to many 
children with short follow-up who had dropped out after 4 years. 
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Table 2a. Tracking correlation coefficients for systolic and diastolic blood 
pressure SDS and both sexes  
Follow–up 
group  
systolic blood pressure SDS diastolic blood pressure SDS 
boys girls total boys girls total 
2 years 
n= 255 n= 313 n= 568 n= 255 n= 313 n= 568 
r= 0.412 r= 0.418 r= 0.414 r= 0.330 r= 0.306 r= 0.314 
p<0.0005 p<0.0005 p<0.0005 p<0.0005 p<0.0005 p<0.0005 
4 years 
n= 167 n= 210 n= 377 n= 167 n= 210 n= 377 
r= 0.362 r=  0.373 r= 0.368 r= 0.270 r= 0.255 r= 0.258 
p<0.0005 p< 0.0005 p<0.0005 p<0.0005 p<0.0005 p<0.0005 
6 years 
n= 100 n= 117 n= 217 n= 100 n= 117 n= 217 
r= 0.379 r= 0.155 r= 0.269 r= 0.043 r= 0.037 r= 0.039 
p<0.0005 p= 0.096 p<0.0005 p= 0.668 p= 0.692 p= 0.569 
All results were calculated with SPSS 17.0. SDS indicates standard deviation score; 
r indicates the correlation coefficient according Pearson; n indicates the number of children. 
 
 
Table 2b. Tracking correlation coefficients for elevated or normal blood pressure 
value at baseline  
Follow-up group 
systolic blood pressure SDS at baseline 
elevated  normal  total 
2 years 
n= 145 n= 423 n= 568 
r= 0.265 r= 0.295 r= 0.414 
p<0.01 p<0.001 p<0.0005 
4 years 
n= 96 n= 281 n= 377 
r= 0.148 r= 0.284 r= 0.368 
p= 0.151 p<0.001 p<0.0005 
6 years 
n= 59 n= 158 n= 217 
r= 0.084 r= 0.165 r= 0.269 
p= 0.527 p= 0.039 p<0.0005 
All results were calculated with SPSS 17.0. SDS indicates standard deviation score; BP 
indicates blood pressure; r indicates the correlation coefficient according Pearson; n 
indicates the number of children and adolescents. 
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Table 3. Follow-up analysis of single blood pressure measurements 
Follow-
up time 
in years 
initial 
systolic 
blood 
pressure 
SDS* 
 
n 
 
Systolic blood pressure SDS after observation period** 
Significance 
normal prehypertensive hypertensive 
n % n % n % 
Fisher’s Exact 
Test 
2 
 
 
elevated 145 77 53.1 22 15.2 46 31.7 
p<0.001 normal 423 351 83.0 33 7.8 39 9.2 
4 
 
 
elevated 96 61 63.5 9 9.4 26 27.1 
p<0.001 normal 281 230 81.9 21 7.5 30 10.7 
6 
 
 
elevated 59 38 64.4 4 6.8 17 28.8 
p=0.014 normal 158 127 80.4 9 5.7 22 13.9 
Values are absolute (n) or relative (%) numbers of children. SDS indicates the standard 
deviation score. The Fisher’s Exact Test was calculated in SPSS 17.0. * For the initial 
systolic blood pressure SDS the children were divided into groups of elevated (above or at 
the 90
th
 centile [SDS 1.2816]) and normal (below the 90
th
 centile) blood pressure SDS. ** 
According the second blood pressure measurement at the end of the follow-up time the 
children were cramped into: normal (below the 90
th
 centile), prehypertensive (over or at the 
90
th
 centile and below the 95
th
 centile) and hypertensive (above or at the 95
th
 centile [SDS 
1.6449]). 
 
 
 
 
 
 
 
 
 
 
 
 
 
53 2. Publikationsmanuskript 
 
53 
 
Legends to figures 
 
Figure 1 CrescNet is an anonymous public health database, initially founded 
to collect up-to-date growth data of children in Germany. Since 2007, blood 
pressure measurements of children have also been registered. At present 
some paediatricians still only use CrescNet to evaluate growth. Therefore, 
only a small yet increasing number of children and adolescents are 
registered with blood pressure measurements. Furthermore, only few of the 
older children have follow-up data and the numbers are undergoing 
permanent changes.  
a see figure 3a. b see figure 3b. c see figure 3c. d see figure 3d. 
 
Figure 2 Pearson’s auto correlation analysis. BP SDS indicates blood 
pressure standard deviation score. BP indicates blood pressure. a Systolic 
and diastolic correlation coefficients  over follow-up time groups in years 
according to table 2a. The diastolic correlation coefficients are only significant 
for two to four years follow-up time. b Correlation coefficients for children and 
adolescents with elevated systolic or normotensive blood pressure 
measurement at baseline over follow-up time groups in years, according to 
table 2b. 
 
Figure 3 Paired t-test comparing age intervals listed in figure 1. The 
horizontal and vertical lines mark the normotensive range in each age 
interval. Points in the middle square symbolise children and adolescents with 
normotensive blood pressure measurements at both age intervals. The 
middle diagonal line is the zero line, marking no blood pressure SDS 
changes over time. Each point is projected in one vertical line to illustrate the 
deviation to the zero line. a Paired t-test of the age interval of 5 to 8 years 
over the age interval of 8 to 10 years (r=0.437, p=0.127, mean difference = 
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0.04). b Paired t-test of  the age interval of 8 to 10 years over the age interval 
of 10 to 12 years (r=0.396, p=0.012, mean difference = 0.07). c Paired t-test 
of the age interval of 10 to 12 years over the age interval of 12 to 14 years 
(r=0.479, p<0.001, mean difference = 0.18). d Paired t-test of the age interval 
of 12 to 14 years over the age interval of 14 to 18 years (r=0.469, p<0.001, 
mean difference = 0.24). 
 
Figure 4 Individual paired t-test comparing the age interval of 10 to 12 years 
and the age interval of 12 to 14 years in their dependence upon BMI change. 
Points in the middle square symbolise children and adolescents with 
normotensive blood pressure measurements in both age intervals. The 
middle diagonal line is the zero line with a maximum tracking. On this line 
each child has the same SDS in both age groups. The size of the points 
indicates the BMI of each child or adolescent in the first age interval and the 
colour indicates the BMI in the second time interval. “mbmisds” indicates 
mean BMI SDS. 
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Blutdruckuntersuchungen sind einfache, schnelle, auch ambulant 
durchführbare Screening-Untersuchungen zur Prävention kardiovaskulärer 
Erkrankungen. Die Beeinflussbarkeit und die Grenzen der Deutung dieser 
Messungen werden noch immer stark diskutiert. Diese Dissertation will einen 
Beitrag zu der aktuellen Diskussion liefern.  
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Mit Hilfe der CrescNet Datenbank wurden Blutdruckmessungen tausender 
Kinder und Jugendlicher auf den Einfluss jahreszeitlicher Schwankungen, sowie 
die Ausprägung des Trackings hin untersucht. Beide Themen wurden separat 
publiziert. 
 
Saisonale Schwankungen des Blutdruckes und der Einfluss der Temperatur 
Im ersten Paper wurde eine saisonale Schwankung des Blutdruckes 
nachgewiesen und auch visualisiert. Die Daten wurden dafür größtenteils im 
Universitätskinderklinikum Leipzig erhoben. Ein saisonales Muster mit 
erhöhten Werten im Winter und niedrigeren Werten im Sommer konnte dabei 
bestätigt werden. Ebenso konnte auch der Einfluss der Temperatur auf die 
Blutdruckmessungen gesichert und genauer beschrieben werden. 
Es wird angenommen, dass die saisonalen Schwankungen des Blutdruckes zu 
einer erhöhten Inzidenz und auch Fatalität von Herzinfarkten und 
Schlaganfällen im Winter führen [27, 32]. Die Wetterbedingungen im Winter 
verursachen einen vermehrten physiologischen Stress, erhöhte 
Infektanfälligkeit und eine stärkere Aktivierung des sympathischen 
Nervensystems. Es wird dabei diskutiert, dass diese Sympathikus-Aktivierung 
durch Kälte induziert wird und dabei über angestiegene 
Katecholaminkonzentrationen im Plasma eine periphere Vasokonstriktion 
verursacht. [28, 31, 32]. Der Anstieg der Blutdruckwerte und die ebenso 
erhöhten Lipid-Level des Blutes im Winter scheinen beim Vorhandensein einer 
aktiven Entzündungsreaktion, zum Beispiel durch eine Infektion, die 
arteriosklerotischen Plaques vulnerabler für eine Ruptur zu machen. 
In unserer Studienkohorte stieg die Anzahl der Kinder und Jugendlichen mit 
erhöhten Blutdruckwerten zum Winter hin an und fiel im Sommer wieder ab. 
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Jedoch verglichen mit den Veränderungen der Prävalenz der Hypertonie unter 
erwachsenen Frauen über ein Jahr in Dehli, Indien (12,72% im Sommer und 
22,22% im Winter) [35], war diese Veränderung der Prävalenz unter Kindern 
und Jugendlichen in der gemäßigten Klimazone deutlich geringer. In der 
indischen Studie wurde kein Zusammenhang dieser Veränderung mit 
Schwankungen der Werte für Harnstoff, Kreatinin und den Elektrolyten 
festgestellt [35]. 
Dies lässt die Annahme zu, dass die Temperatur die treibende Kraft der 
saisonalen Schwankungen sein könnte. Allerdings konnte nur ein sehr geringer 
Korrelationskoeffizient berechnet werden (rho= -0,073). Ein daraufhin 
berechnetes Temperatur–Blutdruck-Modell ergab, dass dieser Zusammenhang 
zwischen Temperatur und Blutdruck nicht linear ist, sondern einen sigmoiden 
Verlauf mit einem Plateau zwischen 0 und 10°C nimmt. Innerhalb dieses 
Bereiches scheint es keinen Einfluss der Temperatur auf den Blutdruck zu 
geben. Die Temperaturwerte sind jedoch gemittelte Außenwerte für einen Tag 
und dürften deshalb an dem Zeitpunkt der Messung höher gewesen sein. 
Hierbei scheint es einen Komfortbereich zu geben, in dem die Außentemperatur 
keinen Einfluss auf Blutdruckmessungen von Kinder und Jugendlichen hat und 
der durch das gezeigte Plateau in Abbildung 3 des ersten Papers beschrieben 
wird. 
Internationale Studien berichteten ebenfalls von einem Bereich unter 5-10°C, in 
dem kein Einfluss der Temperatur erkennbar war [29, 36]. Als mögliche 
Ursache wurde die Nutzung von Heizungssystemen in diesen 
Temperaturbereichen genannt. 
Es scheint so zu sein, dass extremere Außentemperaturbereiche einen größeren 
Einfluss auf Blutdruckmessungen bei Kindern und Jugendlichen haben als  
gemäßigte Temperaturbereiche. Es stellt sich dennoch die Frage, wie groß die 
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klinische Relevanz dieses Phänomen für die Prävalenz von Bluthochdruck, 
besonders bei Dialysepatienten, ist. Für Deutschland scheint die klinische 
Bedeutung vorerst relativ klein zu sein. Dennoch sollten die saisonalen Einflüsse 
auf den Blutdruck in weiteren Studien berücksichtigt werden. 
Tracking von Blutdruckwerten 
Bluthochdruck geht mit einem erhöhten Risiko an kardiovaskulären 
Krankheiten wie Schlaganfall oder dem akuten Myokardinfarkt zu erkranken 
einher. Deshalb ist es so von Bedeutung das Blutdrucktracking besonders auch 
schon von jungen Patienten zu verstehen. Viele Einflussfaktoren bestimmen 
selbst im Kleinkindalter bereits die Blutdruckentwicklung [8, 21, 23, 37]. 
Unter dem Tracking- Phänomen versteht man die Autokorrelation eines 
gemessenen Blutdruckwertes in einem definierten Perzentilenkorridor. Das 
Verständnis dieses Phänomens ist bedeutend, um die Vorhersagekraft 
gemessener Größen abschätzen zu können und die Kinder und Jugendlichen 
entsprechend ihres zukünftigen Risikos behandeln zu können. In dieser Studie 
untersuchten wir das Trackingverhalten hypertensiver und normotensiver 
Probanden, sowie die Aussagekraft einmaliger Blutdruckmessungen. 
In der Korrelationsanalyse konnte ein moderates Tracking nachgewiesen 
werden, das mit den Jahren deutlich abnahm. Kinder und Jugendliche mit einem 
erhöhten Blutdruck (über der 90. Perzentile) zeigten ein geringeres oder nach 4 
Jahren nicht mehr signifikantes Tracking. Natürlich könnte dies auch auf die 
erfolgreiche Behandlung des Hypertonus zurückzuführen sein. Allerdings 
könnten auch die erhöhten Werte artifizieller Natur sein und zum Beispiel 
durch den „Weißkittel- Effekt“, falsche Messmethoden oder das Vertrauen auf 
einmalige Messungen zustande gekommen sein. 
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Im Vergleich unterschiedlicher Altersgruppen im gepaarten individuellen t-Test 
hatten Kinder und Jugendliche mit erhöhtem Blutdruck nach einmaliger 
Messung mit 51,1% bis 62,1% Wahrscheinlichkeit weiterhin erhöhte 
Blutdruckwerte am Ende des Beobachtungsintervalls. Jedoch hatten nach dem 
Beobachtungsintervall 80,4% bis 83,5% der normotensiven Kinder und 
Jugendlicher weiterhin normale Werte. Ein einmalig erhöhter Blutdruckwert 
hat somit zum Glück ein deutlich geringeres Tracking und muss noch kein 
Hinweis auf eine Erkrankung sein. Blutdruckmessungen sollten deshalb nicht 
nur in einer einmaligen Visite erhoben werden, sondern bedürfen mehrmaliger 
wiederholter Messungen an verschieden Zeitpunkten. 
Interessant war auch die Information, dass adipöse Kinder deutlich dazu neigen, 
im Verlauf der Beobachtungszeiten höhere Blutdruckwerte zu entwickeln. In 
Abbildung 2 des zweiten Artikels wird dieser Vorgang veranschaulicht. 
Demzufolge ist zwar von einem niedrigeren Tracking auszugehen, dafür kann 
aber das Erkrankungsrisiko deutlich höher sein. 
 
Diskussion der Studienarbeit 
Die Stärken dieser Dissertationsarbeit liegen in der Größe der Studienkohorte 
und die Aktualität ihrer Beiträge zur laufenden Diskussion. Die Veröffentlichung 
der Ergebnisse in Pediatric Nephrology unterstreicht diese Bedeutung. 
Die Schwächen liegen allerdings in der Art der Datenerhebung. Die gemessenen 
Ergebnisse wurden nicht unter idealen Bedingungen, sondern im klinischen 
Alltag erhoben. Dabei wurde der Blutdruck oft nur einmal in jeder Visite 
gemessen. Diese Daten sind deshalb nicht direkt vergleichbar mit Normwerten 
oder Untersuchungen unter Standardbedingungen. Jedoch geben sie die gängige 
klinische Praxis wieder und zeigen die Aussagekraft der im Alltag erhobenen 
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Werte. Oft lagen auch nicht die kompletten Datensätze über Erkrankung, 
Therapie und den klinischen Verlauf der Studienteilnehmer vor, sodass darüber 
keine Aussage getroffen werden konnte. Die Durchmischung der gesunden 
Kinder und Jugendlichen mit kranken Kindern und Jugendlichen sollte keinen 
Einfluss auf die Auswertung der Daten auf saisonale Einflüsse genommen 
haben, jedoch ist dieser Bias bei der Untersuchung auf das Tracking- Phänomen 
relevant, da besonders kranke Kinder und Jugendliche zu erhöhten Blutdrücken 
neigen oder entsprechend therapiert wurden. Dies wird jedoch im Artikel 
erwähnt. 
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